Oxidative stress was investigated in Lycopersicum esculentum L. by applying various pesticides and boron compounds for two years, near OrtacaMuğla. The field sections were treated separately by commercial pesticides and boron compounds i.e. tarimbor (TB), boric acid (BA), laser (LA), zoom (ZO) and admiral (AD). During first year, boric acid (BA-1) caused highest increase in total chlorophyll (TCh) ). During the first year, an increase of boric acid and tarimbor concentrations decreased malonaldehyde (MDA) while during the second year, both increases and decreases were observed in the MDA amount. Highest superoxide dismutase (SOD) amount was found in the first year ZO treated plants i.e. 70.35 unit SOD/mg protein while TB-1 treatment caused the highest decrease in the SOD amount i.e. 35.21 unit SOD/mg protein (control: 45.23 unit SOD/mg protein).
INTRODUCTION
Oxidative stress can be defined as an imbalance between the production of free radicals (reactive oxygen species) and antioxidant defenses that can be natural or anthropogenic. The latter include pesticides, air pollutants and heavy metals [1] . Pesticides have a crucial role in the pest management and control of plant diseases. However, its excessive use particularly in terms of their application at high doses may increase especially in developing countries. Thus, it is important to optimize their use for safeguarding the consumers and producers as well as reducing environmental hazards [2, 3] . Pesticide use is very common in vegetable production in glasshouse conditions to protect pest-induced damage. However, the use of pesticide at high rates may cause toxicity problem, which can deleteriously affect plant growth and development.
Foliar applications of pesticides may negatively affect leaf photosynthesis by partially blocking stomatal pores which allow exchange of gases. Therefore, reduction in photosynthetic activity can delay time of fruit harvesting or affect adversely fruit quality, as well as visible damage due to chemical toxicity [4] . The pesticides used in the present experiment such as thiamethoxam and acetamiprid belong to the neonicotinoid insecticide group. They were introduced worldwide about a decade ago as they have lower toxicity and high activity against pests and insects [5, 6] . Abamectin is a macrocyclic lactone and is a major fermentation component of avermectins, natural products produced from the soil bacterium Streptomyces avermitilis. It shows insecticidal, acaricidal and nematicidal activities [7] . Pyriproxyfen is known as an insect growth regulator (IGR). It is an analogue of a juvenile hormone (JHA). It is being widely used as an insecticide for the control of different pests [8, 9] . Plants have a well-developed antioxidative machinery to prevent cellular membranes from toxic effects caused by reactive oxygen species [10, 11] . It is reported that reactive-oxygen species (ROS) are responsible for various stress-induced damages to cellular structures. It is widely accepted that chemical toxicity results in oxidative stress due to the production of ROS [12] [13] [14] [15] . Under stress conditions plants may alter the activities of ROS scavenging enzymes, such as superoxide dismutase (SOD; EC1.15.1.1) and catalase (CAT; EC1.11.1.6) [16] . To date, there seems to be no knowledge available in the literature on functioning of antioxidative defense machinery to pesticides, such as abamectin, thiamethoxam, pyriproxyfen and acetamiprid. Thus, we hypothesized that application of different pesticides at high doses could cause oxidative stress and hence regulate antioxidative defense system in tomato plants. Therefore, in the present study we examined the effects of pesticides sprayed at higher doses on key plant growth attributes, production of ROS and activities of antioxidant enzymes in the leaves of tomato plants.
Boron is an important microelement in plant nutrition. The main functions of boron relate to cell wall strength and development, cell division, fruit and seed development, sugar transport, and hormone development. Plants uptake boron in slight amount whereas its higher level is toxic to plants [17] . Boron-deficient tissues are brittle or fragile, while plants grown on high boron levels may have unusually flexible or resilient tissues [18] .
Herein we report the study of various boron containing fertilizer (boric acid and tarimbor), and pesticides on Lycopersicum esculentum. Unlike literature reports, we did not found the high amount of boron as toxic. We used three types of pesticides i.e. Admiral, Laser and Zoom trademarks to study the changes in the physiology and biochemistry of the stated plant.
MATERIAL AND METHODS
The experiments were performed at the fields located in Mugla province (district Ortaca). The field was divided into various blocks that were divided into control, zoom (etoxazole, sumitomo), laser (Spinosad, Dow Agro Sciences), admiral (Pyripyroxyfen, sumitomo), boric acid and tarimbor randomly. The stated insecticides and acaricide were used according to the suggested amount of manufacturers. Tarimbor (Na2B8O13.4H2O) and boric acids were sprayed on the plants. The blocks were separated from each other's by a separating bands (SB). Total 30 blocks as a whole were studied.
Plant culture and treatments
The study was performed for two years on tomatoes (first year Lycopersicum esculentum var. Bestona F1, second year L. esculentum var. Manyla F1). First three weeks, only the development of plant was observed. After that time, boron and pesticide treatments were applied depending upon the procedure of experiment. On the 14 th day of the treatments, 30 leaves were collected from each block of plants for physiological studies. For biochemical studies, 20 leaves were collected from each block separately. The leaves were stored in the refrigerator immediately after plucking, till they arrive at the lab. Leaves were stored at -20 o C in the lab freezer till further studies. Tables 1 and 2 shows the experimental design of the field where the study was performed. Table 2 . Experimental design of the field (2011) second year 
Chlorophyll determination
Chlorophyll content was determined by the standard procedure of Strain and Svec [19] with slight modification.
Leaf free proline content Leaf free proline content was determined by the procedure developed by Bates et al. [20] .
Antioxidant enzymes and malondialdehyde
Fresh leaf material (500 mg) was well grounded in sodium phosphoate buffer (50 mM) that contained 1 % soluble polyvinyl pyrrolidine. Superoxide dismutase (SOD) was determined according to Giannopolitis and Reis [21] , and Cakmak et al. [22] . Catalase activity was determined by the procedure of Bergmeyer [23] . Ascorbate peroxidase activity was determined by the Nakano and Asada [24] procedure. POD was performed according to Herzog and Fahimi [25] . The Bradford [26] protocol was employed to estimate total soluble proteins.
Leaf malondialdehyde (MDA) contents
MDA content was determined according to Madhava Rao and Stresty [27] procedure.
Statistical analysis
The obtained data was subjected to SPSS (v. 14) analytical software to work out variance analysis. Significant differences among mean values were assessed using LSD test at p≤5 %.
Soil characteristic analysis
The soil samples were analyzed for Zn, Fe and Cu according to DTPA [28] . K, Ca and Mg concentrations were determined according to Thomas [29] procedure. Na concentrations were analyzed by Knudsen et al. [30] . These analyses were performed using atomic absorption at 1 N concatenation with neutral ammonium acetate. Water soluble phosphorus was determined by Bingham [31] colorimetric spectroscopic procedure. Plant consumable boron was determined by 0.01 M manitol + CaCl2 extraction by ICP-AES instrument [32] . pH and EC were determined by pH-EC meter.
Yield analysis
Tomato fruit production was analyzed on weekly bases from the beginning of the crops fruit giving to the end of the harvest for two years.
RESULTS AND DISCUSSION
As stated in the method section, the study was performed for two years. This study covers the chlorophyll, carotenoid, lipid peroxidation, proline, proteins analyses and antioxidative (superoxide dismutase: SOD, peroxidase: POD, ascorbate peroxidase: APOD, catalase: CAT) enzyme inhibition activities after the treatment of boron compounds (tarimbor and boric acid) and pesticides (Zoom, Laser and Admiral) over L. esculentum. The results were compared with the control group plant leaves on fresh weight basis (FW).
Total Chlorophyll (TCh) and carotenoid (Car) analysis
Pesticides and boron treated L. esculentum showed a decrease in the chlorophyll amount during first year, while an increase was observed during the second (Table 3) . After first year treatments, total chlorophyll (TCh) amount showed a decrease except the third dose of tarimbor (TB-3). Boric acid (BA-1) caused highest increase in the TCh (158.41 μg g -1 , FW) while least amount was observed in the second dose (103.11 μg g -1 , FW) of boric acid (BA-2) as compared to the control (136.85 μg g -1 , FW) ( Figure 1 ).
During the second year, an increase was observed in the total chlorophyll amount except Zoom (ZO) treatment. Highest total chlorophyll increase was observed after the treatment of tarimbor (236.49 μg g -1 , FW) while ZO treatment decreased it (142.55 μg g -1 , FW); even less than the control (149.55 μg g -1 , FW). Carotenoids amount observed after the pesticides and boron treatments were statistically insignificant (p≤0.05). As a whole, they carotenoids were decreased during first year treatments while increased during second year ( Figure 2 ). While studying pear tree, Wang et al. [33] obtained similar results to our first year treatments. They subjected the plant to boron stress that decreased the chlorophyll A, chlorophyll B, carotenoids and chlorophyll A/B amounts. On the other hand, Tort et al. [34] treated Capsicum annuum L. with Captan fungicide with various doses (2.5, 5, 7.5 g L -1 ). They found an increase in the TCh and carotenoids (Car) after the prescribed dose; while increasing the concentration, decreased the TCh and Car. Öztürk and Tort [35] treatment cyprodinil fungicide at three different doses. TCh, chlorophyll A and B increased after first two doses while decreased after the third dose when compared to the control. Our results showed similarities with the reported ones. Oxidative stress can increase the chlorophyllase enzyme that will further decrease the leaves chlorophyll content [36] .
Proline and Lipid peroxidation (MDA) analysis
Ten samples were analyzed for proline content where the first one was the control L. esculentum. During first year, boric acid treatment caused an increase in the proline amount with the increase in boron amount. On the contrast, an increase in the tarimbor amount decreased the proline amount. In pesticide treatments, ZO caused an increase while LA and AD caused a decreased in the proline amount. caused an increase in proline content on fresh weight basis, where Zoom caused the highest increase (seen in Table 4) .
By looking the whole picture of 2010, boric acid put the plant into slight oxidative stress with increase in its amount. On the other hand, proline amount in the tarimbor treated plant leaves was found less than the control in all three doses. It means that tarimbor is more suitable than boric acid in case of oxidative stress. In the second year of the study, all treatments, except TB-1, put the plants intro oxidative stress by increasing the proline amount as compared to the control.
Ardıç [37] studied the oxidative stress in two varieties of Cicer arietinum L. i.e. cv. "Gökçe" and "Küsmen 99" by using boron. When the plant was treated with 400 mmol, the amount of proline in the plant was increased three times in "Gökçe". In a previous study [38] on Solanum lycopersicum L., we applied 4 various insecticides. Leaf free proline content increased in the leaves of tomato plants sprayed with increasing doses of pesticides. Proline content was highest in the leaves of plants sprayed with the highest dose of thiamethoxam. Karabal et al. [39] studied two types of barleys i.e. hamidiye (boron sensitive) and anadolu (boron resistant). They did not found any correlation of boron with the proline amount. Malondialdehyde (MDA) was also analyzed in the leaves of L. esculentum for two years. During the first year study, an increase of boric acid and tarimbor dose decreased MDA while during second year; both increases and decreases were observed in the MDA amount. Highest MDA was found in BA-1 (2.07 nmol g -1 , FW) treated plants while the least amount of MDA (1.22 nmol g -1 , FW) was found in TB-3 as compared to the control (1.65 nmol g -1 , FW). During second year analyses, lipid peroxidation test showed 0.87 nmol g -1 malondialdehyde (MDA) in tomato leaves. Highest MDA was found in BA-II (0.99 nmol g -1 , FW) (seen in Table 4 ).
MDA decreased during both years analyses as a whole after the boron treatment when compared to the control, but the decrease was statistically not significant (p<0.05). It means that the treatments did not show any damage to the cell membrane. In pesticide treatments, MDA was increased in all pesticides applied as compared to the control.
Zabalza et al. [40] applied imidazolinone herbicide over beans and observed an increase in the MDA amount in the leaves. Our results show parallel behavior with this study in case of externally applied dose. In another study, oxyfluorfen and diphenyl ether (herbicides) were used over wheat and barley leaves [41] . On comparison with the control, the workers found the decrease in the amount of MDA. Pogosyan et al. [42] used 2,4-dichlorophenoxyacetic acid and 2,4,5-trichlorophenoxyacetic acid over Pisum sativum and observed less MDA than in the leaves of control. These results are in contrast of our study.
Antixodative enzymes
There are various enzymes in plants that can increase or decrease during the stress conditions. Most important enzymes are superoxide dismutase (SOD), ascorbate peroxidase (APOD), peroxidase (POD) [43] and catalase (CAT) that makes the antioxidative defense mechanism [44] . APOD and CAT cleans H2O2 from chloroplasts and mitochondria. SOD removes superoxide anions while POD catalyze the breaking hydrogen peroxide. During 2010 and 2011, protein per gram amount of the stated enzymes were increased as compared to the control group. In 2010, highest SOD amount was found in plants treated with ZO i.e. 70.35 unit SOD/mg protein while tarimbor I treatment caused the highest decrease in the SOD amount i.e. 35.21 unit SOD/mg protein (control: 45.23 unit SOD/mg protein). Results obtained for APOD, POD and CAT were also analogues. Similar results were also obtained for SOD and POD by Kaya et al. [45] while studying tomatoes. In this study in general, pesticide treatment to L. esculentum caused an increase in all enzyme amounts. However, treatment of boron, if not at toxic levels, do not show notable stress. Tepe and Aydemir [46] applied boron to lentil and barley and found higher amounts of APOD and CAT. That is why the SOD amount was found less as compared to the control group. During 2011, all the pesticide treatments increased the amount of plant enzymes except CAT, which was very near to the control amount.
CONCLUSION
In this study, Lycropersicum esculentum L. was studied for its oxidative stress by using pesticides and boron compounds. Boron showed toxicity even if slight amount is higher than the required to the plant. So it is suggested to analysis boron amount in the soil before its external use as a fertilizer. We utilized boron and pesticides in the prescribed amount that is why no notable toxicity was observed. It was also found that if the boron amount is less than the required amount, the yield will be less. The use of pesticides is not too much important if the area has no disease spread in tomatoes. We observed slight decrease in the total tomatoes yield after the use of pesticides while the control group did not get any disease.
